IT can be said with certainty that, in most general hospitals today, staphylococcal infection is the major bacteriological problem. The introduction of penicillin in 1941 proved so successful against this type of infection that many were lulled into a false sense of security. It has become increasingly apparent over the last ten years that the adaptability of the staphylococcus has been underestimated. The discovery of broad-spectrum antibiotics raised fresh hopes of conquering the staphylococcus, but today it is commonplace to find hospital epidemics of staphylococcal infection due to multiple drug-resistant strains. Effective epidemiological investigation of cross-infection due to the staphylococcus pyogenes requires a system of typing within the species, in addition to test of coagulase production and antibiotic sensitivity. Since a routine service of bacteriophage typing was set up at The Laboratories, Belfast City Hospital, in the latter part of 1958, opportunity has been afforded to study some aspects of post-operative wound infection due to the pathogenic staphylococcus. During 1959 two major outbreaks occurred in the surgical departments of hospitals in Northern Ireland which seem of special interest and are here reported. One of these was of a severe explosive nature, lasting one month, in which the infection was successfully eradicated; the second, though less severe, was of intractable form, and all attempts to terminate the epidemic failed.
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BACTERIoLOGICAL METHODS. Nose and wound swabs were plated directly on horse-blood nutrient agar and incubated at 370 C. for eighteen hours. Colonies of staphyloco-ccus aureus were subjected to the tube coagulase test and positive strains were further examined for antibiotic sensitivity by the dried disc technique (Fairbrother and Martyn, 1951) and their phage type determined by the method of Anderson and Williams (1956) .
The degree of bacterial contamination of the air in the wards and operating theatre was determined by the use of settling plates. Blood-agar plates were exposed for one hour during normal activity. After incubation, the number of colonies on each plate was counted and the results expressed as the number of infected particles falling per square foot per minute.
Blanket sweeps were carried out by stroking an exposed blood-agar plate over one-quarter of the total surface area of the blanket. The plates were incubated and the number of colonies counted per plate.
EPIDEMIC A.
The epidemic began in a surgical unit of a hospital, which consisted of an operating theatre and a male and a female ward, each containing twenty-four 99 beds. The wards were well ventilated and the beds were spaced approximately five feet apart.
Prior to the outbreak, wound sepsis had occurred on occasion, but was thought to be infrequent, though not recorded. However, in February, 1959, a steep rise in the post-operative sepsis rate was observed and bacteriological investigation was commenced.
Between 26th January, 1959, and 24th February, 1959 , sixty-six clean, major or intermediate operations were carried out, sixteen of which subsequently developed wound infection, i.e., sepsis rate of 24 per cent. A feature of most cases was an early rise in temperature following operation and the development of pus deep in the wound. The day of onset of sepsis was determined by the presence of visible pus in the wound. Nose and wound swabs were taken from twelve of the sixteen cases of post-operative infection, details of which are shown in Table 1 . Before bacteriological investigation had commenced, four patients known to have post-operative wound infections died, including patients 1 and 2 who burst their abdomens on the tenth day and failed to recover. Coagulase positive staphvlococci were isolated at post mortem from the peritoneal exudate of one case, but the strain was unfortunately not kept for phage typing. Paralytic ileus developed on the eighth and ninth days in patients 3 and 4 respectively, and both subsequently died. Patient 11 also had a burst abdomen on the tenth day, but survived. Following the operation of mitral valvotomy patients 14 and 15 developed empyemata on the fifth and fourth post-operative day respectively. Seven cases occurred in the male ward and nine in the female ward. Coagulase positive staphylococci were isolated from pus in the wounds of all twelve cases examined, and in four patients staphylococci were also isolated from the nose. In the interpretation of phage typing results the rule has been applied that two apparently similar strains are only regarded as different if one is lysed strongly by two phages that fail altogether to lyse the second (Anderson and Williams, 1956 ). In addition, weak lytic reactions not recorded in the table were taken into account. On this basis all the phage patterns recorded in Table 2 were considered to belong to the same epidemic type. The antibiotic sensitivity pattern was also consistent, all strains being resistant to penicillin, tetracycline and stremptomycin, and sensitive to erythromycin and chloramphenicol. Four strains of staphylococci isolated from the nose of patients 6, 7, 9 and 11 proved to be of a different phage type and antibiotic spectrum to that of the epidemic strain.
In view of these findings, search was made to establish the source of the outbreak, and to institute measures to eradicate the infecting strain. Nasal swabs were taken from the entire staff of the surgical wards and theatre. This included surgeons, anxsthetists, nurses, domestics, orderlies and a physiotherapist, com-prising thirty-seven members in all. Of these, nine (24 per cent.) were carrying the epidemic type of staphylococcus in the nose. The antibiotic spectrum was also identical to that of the epidemic strain. Eight further strains isolated were of differing phage types or not typable and all were tetracycline sensitive.
Of the theatre staff, only one surgeon and one nurse were carrying the epidemic strain. Ihis particular surgeon had operated on only two patients (14 and 15) of the sixteen, who subsequently developed post-operative wound infection. On the other hand the theatre nurse carrying the epidemic strain had been associated with most of the operationis. No memaber of the theatre staff had a septic skin lesion. fhe remaining seveni individuals carrying the epidemiiic type were all nurses working in the wards.
Settling plates were exposed in both wards anid in the theatre for one hour during normal activity. Coagulase positive staphylococci were isolated from all three plates, but only the ward strains were of the epidemic type.
The entire unit was closed down on1 27th February, 1959. The wards and theatre were washed down aind the unit partly repainted. All movable articles were disinfectcd by boiling or other means. Nasal carriers of the epidemic strain received 1 per cent. hibitanc cream, applied to the nlose, twice per day, for four weeks.
When the unit reopcelcd on 5th March, 1959, nlasal swabs w\vere again taken from all staff. Only one nurse, who had not been in the unit during the epidemic, was carrying a strain similar in phage type to the epidemic strain. A course of nasal hibitane was given and repeat swabs proved negative.
No evidence of return of the epidemic strain was apparent over the following nine months and the post-operative sepsis rate renmained less than 5 per cent.
The epidemic took place in the surgical unit of a provincial hospital. The unit consisted of a theatre; three male wards containing six, seven and ten beds respectively; and three female wards wxith the same bed proportion, comprising forty-six beds altogether. The beds were spaced approximately three feet apart. There were twenty members in the surgical staff, including two surgeons, one anxsthetist, nurses, ward orderlies and domestics. In the wards the facilities for hand washing and dressings were generally poor. Cases, septic on admission, had of necessity to be put in wards where post-operative cases were being nursed. Post-operative wounds were routinely dressed in the wards on the fifth-sixth day.
In January, 1959, it was thought that the post-operative sepsis rate was higher than usual, but no accurate records were available for the preceding months. It was, therefore, decided to keep a wotunid book, recording the number of post-operative infections and to carry out routine bacteriological investigation of all infected wounids, the criterion of infection being the presence of visible pus in the wound.
Opportunity was afforded for studxing the epidemic over a twelve-month period, during which tinme various measures were taken in an attempt to control the infection which, hoxvever, met wvith only limited success. plates showed that there was considerable sedimentation of infected air-borne particles in the wards during dressings. The number of bacteria-carrying particles falling per square foot per minute varied between fifteen and fifty in the six surgical wards and was five in the theatre. No pathogenic staphylococci were detected in the latter, but in the wards the epidemic staphyloccus accounted for 0.75 to 3.25 particles settling per square foot per minute. Examination of dirty blankets from the wards by the technique described above yielded a mean growth of 1,000 colonies per plate, 1 per cent. of which were identified as coagulase positive staphylococci and the majority of these belonged to the phage type 77. After laundering, the mean growth was reduced to 2.5 saprophytic colonies per plate, indicating effective disinfection of the blankets.
In view of these findings, the unit was closed for complete disinfection and treatment of all nasal carriers among the surgical staff. Walls and floors were washed down with Roccal (4 oz. to 1 gallon) and all movable articles boiled as far as possible. Nasal carriers of coagulase positive staphylococci received neomycin and bacitracin ointment applied to the nose twice per day for two weeks. The unit reopened early in April and during this month the sepsis rate fell to one-seventh of that recorded for the month prior to disinfection. The epidemic strain, however, was still present and accounted for the one case of wound infection occurring during April. From May to November the sepsis rate fluctuated between 1.3 and 9.0 per cent., the epidemic strain still accounting for a large proportion of cases.
In Deceinber, re-examination of twenty-four members of the surgical staff showed a nasal carrier rate of pathogenic staphylococci of 37 per cent., twothirds of which belonged to the epidemic type 77. No member of the theatre staff was carrying the epidemic strain. Settling plates and blanket sweeps again indicated a highly infected environment and as the staphylococcal sepsis rate had reached a peak of 17.0 per cent., the unit was again closed for disinfection and the treatment of nasal carriers. In addition, a room was provided for surgical dressings and there was a general revision of aseptic technique. Post-operative wounds were left untouched until the ninth-tenth day.
When the unit reopened in January, 1960, two nurses on ward duty were still carrying the epidemic type of staphylococcus in the nares and one case of wound infection, due to a type 77 strain, was recorded. The measures taken had apparently reduced the sepsis rate considerably, but had failed entirely to eradicate the epidemic strain. 
DISCUS S ION.
Outbreaks of hospital staphylococcal infection usually fall into one of three broad patterns. In one type the outbreak is referable to a single carrier or septic lesion and the exclusion of such an individual terminates the epidemic. In the second type the epidemic strain is widespread in patients' wounds, in the noses of many of the staff, and in ward dust, etc. In this type of epidemic it is often necessary to close down the entire unit for complete disinfection (Blowers et al., 1955) in order to eradicate the infecting strain. In the third type of outbreak wounds and noses are colonized by a wide variety of phage types of staphylococci and no single epidemic strain can be identified. This type of epidemic is often due to lax surgical technique throughout the unit and can usually be controlled by improved standards.
In epidemic A the post-operative staphylococcal sepsis rate was 24 per cent. Most of these infections were thought to be theatre infections because of the early rise in temperature and the development of pus deep in the wound. Support for this assumption was afforded by the fact that patients 14 and 15, who developed empyemata, due to the epidemic strain, were nursed in a ward outside the surgical unit concerned in the epidemic.
The nasal carrier rate of the epidemic strain amongst the surgical staff was 24 per cent. Only two of these, however, were members of the theatre team, one surgeon and one nurse. The surgeon was associated with only two cases which subsequently developed wound sepsis, whereas the nurse was present at most of the operations. It was thought that the theatre nurse may have been responsible initially for the outbreak, which subsequently became widespread throughout the wards with recovery of organisms from wounds, dust and the noses of many nurses.
The malignant nature of this outbreak is revealed by the fact that the mortality rate of sixteen wound infections was 25 per cent. Clinicallv these four cases were undoubtedly post-operative infections resulting in peritonitis and death. Unfortunatelv bacteriological studies were only carried out on one patient at post mortem, in which pathogenic staphylococci were isolated and this strain was not available for phage typing. Therefore, although definite proof was lacking that these patients were infected with the epidemic strain, it was thought highly probable.
The measures taken to control the epidemic included closure of the unit for one week for complete disinfection and the treatment of all nasal carriers with 1 per cent. hibitane cream. Following these measures, the sepsis rate fell dramatically to less than 5 per cent. and no epidemic strain was apparent during the following nine months.
In epidemic B it was established that 64.4 per cent. of post-operative wound infections, during 1959, were due to strains of staphylococci belonging to phage types 77 and 75/77. These two patterns were interpreted as belonging to the same epidemic type. The remaining 35.6 per cent. of septic wounds were attributable to a variety of phage tvpes belonging to groups I, II, III, mixed and untypable.
It was observed that most post-operative wounds were clean at the time of the first dressing on the fifth-sixth day and sepsis only became apparent on the ninth-twelfth post-operative day. The wound infection was usuallv superficial and no case of deep abscess formation was recorded. These findings suggested that the majority of septic wounds were ward infections rather than theatre. Support for this view was afforded by the fact that the epidemic strain was widely disseminated throughout the wards, in the air, blankets and the noses of many nurses. No strains of staphylococci of the epidemic tvpe were detected among theatre staff or from settling plates exposed during operations.
From these investigations, it was apparent that an epidemic strain was prevalent in the wards, but all infections were not due to this strain alone. It, therefore, seemed that two factors were involved in maintaining the outbreak, namely, the presence of an epidemic strain and poor aseptic technique throughout the unit.
The measures taken in March and December, to control the epidemic, were successful in eradicating practically all wound infection due to staphylococci of phage types other than the epidemic type 77. Infection, due to type 77 strains, was considerably reduced after complete disinfection, but the measures taken were unsuccessful in eliminating the epidemic strain completely.
Analysis of these two epidemics highlights several important features of outbreaks of staphylococcal infection. The first and probably most important of these was the fact that considerable damage had already been done before phage typing was started, second, that an epidemic strain, thought to have originated from a single carrier in at least one of the epidemics, was responsible for most cases of severe infection, and, finally, the offending strains showed multiple drug resistance.
At present there is no way of recognising an epidemic strain which will certainly cause an outbreak of infection. It is true that certain phage types are more commonly associated with outbreaks of infection than others, but even the introduction of a known potentially epidenmic strain into a unit does not always produce an outbreak. Furthermore, practically any phage type of staphylococcus seems capable of becoming epidemic at a particular time or place, and thus it appears that in either case local conditions must be favourable for a strain to flourish. In view of this, it seems doubtful if the investigation of nasal carriers among hospital staff is of any value in anticipating an outbreak of infection sincc some 35-50 per cent. of individuals normally carry a variety of phage types of staphylococci in the nose (Williams et al., 1960 ). It appears, therefore, that until a possible relationship between phage type and virulence has been elucidated the value of phage typing as an indicator of impending sources of sepsis is strictly linmited. Moore (1960) has recently shown that strains of staphylococci, potentially dangerous from the epidemiological aspect, can often be identified by their ability to grow on an agar medium containing Hg Cl,. If this work is confirmed it mav prove a valuable adjunct to bacteriophage typing in epidemiological investigations.
A feature common to both epidemics was drug resistant epidemic strains which would appear to be a characteristic of most hospital outbreaks of staphylococcal infection recorded in recent years. If this trend continues, a stage may be reached when the more virulent hospital staphylococci outstrip the production of newer antibiotics and an era of complete antibiotic resistance is attained. An attempt has been made to bring about a reversal of antibiotic resistance in hospital staphylococcal infection by Barber et al. (1960) . These workers, by strict limitation of the use of penicillin and the general employment of double chemotherapy, were successful in reducing the number of penicillin resistant infections from 70 per cent. to 36 per cent. This line of approach seems promising and hope for the future may depend on the application of a controlled antibiotic policy in all hospitals and constant vigilance in aseptic technique.
SUMMARY.
1. Two epidemics of post-operative staphylococcal infection are described. In epidemic A the sepsis rate was 24.0 per cent. and four patients died.
Bacteriophage typing showed that all the infections were caused by one epidemic tvpe and the same strain was present in the anterior nares of 24.0 per cent. of the surgical staff. A theatre nurse was thought to be the originator of the outbreak, but this was not proved. Closing of the unit for one week for complete disinfection and treatment of nasal carriers was successful in terminating the epidemic. 2. Epidemic B was observed over a twelve-month period. Most of the wound infections were thought to have been acquired in the wards. Of fifty-nine post-operative infections occurring during 1959, 64.4 per cent. were due to an epidemic strain, while the remainder were caused by a variety of phage types. Examination of nasal swabs from the surgical staff, ward air and blanket sweeps showed that the epidemic strain was widely disseminated throughout the unit. Peaks of post-operative sepsis were recorded in March (17.5 per cent.) and December (17.0 per cent.), and on both occasions the unit was closed down, for disinfection and treament of nasal carriers. A dramatic fall in the sepsis rate was observed on each occasion, but the measures taken failed entirely to eradicate the epidemic strain. 3. The difficulty of anticipating ani outbreak of staphylococcal infection in hospital is discussed. 
